Let G be a group. We say that G has spread r if for any set of distinct non-trivial elements {x 1 , . . . , x r } ⊂ G there exists an element y ∈ G with the property that x i , y = G for every 1 ≤ i ≤ r. The group G has exact spread r if it has spread r but not r + 1. The case where G is a finite simple group is particularly interesting since it is known that in this case the spread is at least 2. The precise value of the exact spread of a simple group is known in very few cases.
Recall that a group is said to be 2-generated if it can be generated by just two of its elements. It is well known that every finite simple group is 2-generated (see [1] ) and many authors have considered the question of how easily a pair of elements generating a simple group may be obtained. One quantity measuring this introduced by Brenner and Wiegold in [5] is the concept of the spread of a group.
Let G be a group. We say that G has spread r if for any set of distinct non-trivial elements X := {x 1 , . . . , x r } ⊂ G there exists an element y ∈ G with the property that x i , y = G for every 1 ≤ i ≤ r. We say that this element y is a mate of X. We further say that G has exact spread r if G has spread r but not r + 1. We write s(G) for the exact spread of G.
The case in which G is simple is of particular interest: in [11] Guralnick and Kantor used probabilistic methods to show that if G is a finite simple group then s(G) ≥ 2. Note we do not have to deviate very far from a simple group for this to break down completely: s(SL 2 (5)) = 0 since the set Z(SL 2 (5))
# clearly cannot have a mate, despite the fact that SL 2 (5) is 2-generated.
The concept of spread is also of interest to computational group theorists since it is useful in the the analysis of the celebrated product placment algorithm for producing random elements of groups [10] .
Many authors have studied the spreads of simple groups obtaining bounds in various cases as well as asymptotic results for the simple groups as a whole. See for instance [2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13] . Even so, the precise value of the exact spread of most finite simple groups remains open.
In the case of the sporadic simple groups, the precise value of the exact spread of only the smallest case has been previously determined: s(M 11 ) = 3. This was proved by Woldar in [13] and independently using more geometric methods by Bradley and Holmes in [3] . In every other case only crude bounds are known [3, 4, 8, 9] . Here we settle the next smallest case, the Mathieu group M 12 , proving the following theorem.
This article is organised as follows. In Section 1 we recall some basic facts about the Mathieu group M 12 largely following [7, p.31-33] . In Section 2 we use this information to prove Theorem 1.
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Let Ω be a set of 12 points. Recall that a (5,6,12) Steiner system is a collection of subsets H ⊂ Ω such that |H| = 6 called hexads with the property that any set of five points of Ω is contained in precisely one hexad. It turns out that such a Steiner system is unique (upto labelling) and that the group of all permutations of Ω preserving this Steiner system is the sporadic simple Mathieu group M 12 .
The permutation representation of M 12 just described is 5-transitive and is thus transitive on subsets of size four, which are naturally called tetrads. It turns out that the action of M 12 on the tetrads is in fact primitive and thus the point stabilizer of this action, a group with structure 2 1+4 + .S 3 , is a maximal subgroup of M 12 .
Involutions of class 2B in M 12 have cycle type 1 4 2 4 . The group M 12 contains elementary abelian groups of order 8 with the property that they are generated by three 2B involutions whose fixed points are disjoint and thus partition the twelve points into three tetrads. Such a partition is called a linked four. It turns out that the action of M 12 on the set of all linked fours is in fact primitive and thus the point stabilizer of this action, a group with structure 4 2 : D 12 , is a maximal subgroup of M 12 .
Proof of Theorem 1
First note that in [3] Bradley and Holmes showed that s(M 12 ) ≤ 9 so it is sufficient to show that any set of 9 elements of M 12 has a mate.
Let X ⊂ M 12 be a subset of size 9. Consider elements of class 8A. By straightforward counting arguments each element of this class is contained in precisely two maximal subgroups -the stabilizer of a tetrad and the stabilizer of a 'linked four'. We define a quad to be either a tetrad or a linked four. Note that the stabilizer of a quad in M 12 has order 192. We give the permutation characters corresponding to these two subgroups below. 1A 2A 2B 3A 3B 4A 4B 5A 6A 6B 8A 8B 10A 11A/B  fours  495 35 15  0  6  3  3  0  2  0  1  1  0  0  tetrads 495 15 31  9  0  3  3  0  0  1  1  1  0  0 From the permutation characters we see that elements in class 2A fix the largest number of quads (apart from the identity), fixing 35 linked fours and 15 tetrads and thus 50(=35+15) quads. The stabilizer of a quad contains 24(=192/8) 8A elements. It follows that there are at most 10800(=24 × 50 × 9) elements of class 8A contained in some proper subgroup alongside some element of X. There are 11880(=95040/8) elements in class 8A of M 12 . There are therefore at least 1080(=11880-10800) 8A elements that can act as a mate to X, completing the proof of theorem 1.
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